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SECTION I

INTRODUCTION

The purpose of this investigation was to look into the various probe
lems of coorvdinating the -behavior of a wotion system and a visual scene
as used with a yeapons System Trainer (WST) or Operational Flight rratn-
er (OFT) simulator, If the motion and visual cues are not-properly syne

‘chronized with the pilot imputs, negative training effect results. Thus,

phase lag becowas an important item in such an investigation.
Initislly, the investigation was to be addressed to the following areas:

8. The overall flight trainer system analysis which would include the
flight dynamics, the motiom base dynlnteo and the electro/mechanical
coupling with a visual system.

b. How the fli;ht trainer utiliges tﬁo.éapactty of the system to
rcalilttéllly activate the motion base and coupled visual system.

--To' define cho excursion envelope of motion base systems. ,

d. Dotormtno hou the aircraft serodynamic math model is mcdified to
function within the motion platform envelops, This is important because the
asrodynamic flight envelope normally exceeds the motion platform envelope,
and & schame to wash out the motion must be used,

Dus to the time conscraints with which to gather data, reduce and
analyze it, and arrive at conclusions, the entire scope could not be ine
vestigated to its fullest. With this constraint, it was decided to ine
vestigate the fact of whether the digital computer was iterating come
putations at a sufficient raic, so as to not introduce noticeable phass lag.
In a sense, this touches each ot the aforementioned regions, but simulta-
neously reveals there is still much to bes done in each of the areas,

Items considered important in arriving &t any conclusions were
gatherad as data from simulators having both motion and visual systems, Ale
though this linited the number of samples, the data collected indicates
trends. Various portions of the data are s+pportad by a theorstical modal,
Topics considered relevant as data wers the following:

8, The natural frequency of the motion system

b. The iteration rates of ihe 6DOF equations of motion used in the
computer

c. The sampling rate for the stick input to the computer
d. The output rate from the computer to the motion system

e. The output rate from the computer to the visual system
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f. The dynsmic paramerers of the visual system gantry
g. Properties of ‘the visual system in generael,

With respect to the visual system, r.st have a cathode-ray tube for
the visual presentetion. Due to the various phosphorus that can coat the
tubs, and the sisocieted persistence of the particular phosphor, the rate
of updlto to the screan cen vary, and a flicker problem can_ or cannot be
evident., Phosphors with the ability to retain the illuminetion for lomg
periods of time would require & slower upducs rste, DBecause of this
variable, the various visual prclcntntion nethods and update retes to the
phosphor screen bring 8 new viriable into the study, Tharefore, ths .update

rate to the visusl system 1- mnntionod without conltdcrltion to thn per-
sistence aspect. _ - . ;

Of the trainers for which information was gath‘rod one had a model
board TV system, one had a Variable Amorphic Motion Picturc (VAMP) system
and two had & computer generated visual scene,

The hydraulic motion system providing the acceleration cues to the
pilot is assumed.to operate in a smooth msnner, ss well as having the com-
puter outputs smoothed by some algorithm scheme, Providing smoothness in
the motion system is & problem external to the scope of this investigetion,

SECTION II
MODEL AND THEORETICAL CONSIDERATIONS

A model of the sampled-dats, hydraulically driven motion base system
was established, and en anslysis performed on the model, It wes desired

to determine if any correlation existed in dats obtained from simulstors in
the field and the theoretical analysis,

To establish the minimum sampling rate required, & model is set forth,
The model is assumed to have a zero order hold, representing the sample rate
and digitsl computer, followed by a second order system indicative of the
hydrsulic motion system. The motion system generatas both position and
velocity feedbeck signals. The error signals are then formed from the
computations based on pilot input ~nd feedbeck signals from tke motion
gystem, A block diagram for » system of this nature is shown in figure 1.

-

The Laplece transform representation of the open loop transfer
function of figure 1.

2 ) [; ] xpm 5 + 1)
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The solution of this squation for step inputs at €, in the time
domain is

‘.B L'\'B - KPI("_S (T)-\ re Sw, T fveu 9 Lo, QNAW'T vb)]

where © « tam™! (- rj—_‘i) » and T is the length of time betwesn suce
cessive samples. ‘fsl o o

The phase shift will ba a result of the cosine térm, The Link 6DOF,
48=inch stroke wotion systsm has -a performance of 45 degrees phase lag at
2Ms, and a natural frequemcy of about SHx. The demping is estimated to be
somevhat -less than optimm (0.7);" “Using this information as baseline data,
the sampling time, T, can be computed, : '

Using a damping factor of § - 0.5 the {nteraction tate should be 20,8
iterations per second to allow 4$ degrees phase lag. Yor =08 the ftere
ation rate should be 17.8 iterations per second. These values agree clasely

with the iteration rates being used om trainers in the field of 15 or 20
times per second. " '

e >
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Figure 1, Sampled Data Hydraulic Motion System Model,
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SECTION III
T!AINIIS AND DATA

Thc trainers for ‘which data is listed are the following: Device 2P85,
a simulator for the PAE Phantom IT aircraft) Device 2790, a simulator for
the TAW Skyhawk ‘dircraft; Device 2rF103, a simulator for the A7E Corsair II
Alzcraft Wight Carrier Landing Trainer; and Eastern Airline's L1011 Triatar
Aircraft Simulator, The first three aircraft are high performance fighter
or attack, ntlteary Jet aircraft, the: latter baing & wide body co-n.retnl

jumbo jet for puouongar trnnnportatton.

In considering the scope and objectives of the investigatiom, the
following topics wers deemed pertinemt in collecting supporting data:

a. The rate at dhteh the computér reccives new tnputl from the

‘ ptlot'l lttck

b. The rate at which the computer iterates the couputlttonl the aix
dcgrec-o!-fracdoa equations

.~ The rate at which the computer and/or the D/A converter updates
thc'motton'balo position '

d. Thg output rate from the computer to the visual system

e, The Jynunt: parameters of the motion base system such as natural
frequency, damping factor or time constants

f. The physical capabilities of the motion hase such ss maximum
travel, maximum pitch, roll, yaw, maximum velocity and acceleration in each
of the six axes

g The means by which the visual display is generated and displayed.
The presentation of table Il gives a condensed tabular form of the data
collected.
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SKCTION 1V
DIBCUSSION

The limhtor for the AIE aircraft to train pnou for night carrier
landing provided much data, both in the motion and visual areas of interest.
The visusl display is computer. generated and cycled at a.rate of 25 times
pei second, - The sampling rate of the stick for motiom and visusi 58§ under
the executive program comtrol within the digital computer, and thv:.this
paramster varies in time. Although this variance exists, the NCiT opere
ational program. uuuuvo is. cyclod -at a minimm-of- 33 ct-u ‘per—second,

The nrodyu-u cquuim used by ﬂu digital co-putor for the ATE aire
craft were noted to be reduced from coupled second oxder differential equa«
tions to ordinary first order differential equations,!

Two diffetent washeout equations are used on the A7E NCLT, Device
2!103. The general form of the washout filter is [’ ; e .This filter re=
, 7
joeu the low frequency umllo and passes the higher frequency signals,

In a plot of amplitude ratio ve froquoucy this appears as the Bode plot
shown in figure 2,

AR W,, =
bR =
W8) t T |
| — W

Figure 2, Prequency Characteristics of a Typical Washout Filter

In the roll axis, §. the time constant /] 4is 2 sec, giving & break
frequency of F=0,079 Hz. The Yaw, I/ , and pitch, @, motion both have ths
séme time constant associated with them: 7T = 1,5 seconds. This results
in a break frequency of 0.106 Hx,

The physical capabilities of the motion aystem for the 2P103 are as
follows:

lygchnical Menual = NAVIRADEV P=3690
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pitch, & T position Gclocity scceleration
10 degrees 16 deg/sec 150 d.‘,..cz

roll, § ¥ Jogrccl 32 deg/sec 360 deg/sec

Yaw, ¥ 10 degress 18 deg/aec 150 deg/sec

This parttculnr-uéttoh'oyocdi is supported at the rear of the cockpit and
is considered to be a three degree~ofefreedon motion base,

Device 2F90 {s the simulator for the TA4Y Skyhawk Aircraft, This . -3
training device has a hydraulically driven motion base and & computer gen-
erated visual display that is projected on & screen in front of the cgckptt.
A Nova 800 computer interfaces the visual system and the motion base.

The stick inputs from the pilotetrainee are sampled at a rate of 20
times per sacond, This same sample rate is also used on the fteration of
the solutions to the aircraft six degreesofsfresdom asrodynamic equations . -
and the rate at which the compiiter outputs updated data to the motion system,
The computer outputs data to the visual system at 20 times per second, but
the visual iterations are 30 tiucs per second,

TP —

Physically, the motion base of Device 2F90 operates at 1000 pai hy=-
draulic pressure, and clu pitch ¥ 15 degrees, roll ¢ 13 aggg... and has a
vertical translation of ¥ 6 inches, :

The following information was cbtained from SingereLink personnel on
the F4R No. 18 Simulator. This simuldtor has & Link 48einch 6DL- motion
base, which has a bandpass of up to 2 or 3 Hsx.

The iteration rate for the aerodynamic motion effects and the motion
system lag length computations are done at a rate of 10 {terstions per sece
ond. The Advanced Student Undergraduate Pilot Trainer (ASUPT) has 15
iterations per second and considered somewhat marginal, The miscellaneous
motion effects which include runway rumble, spsed brakes, gear and flap
effects are done at 20 iterstions per second.

The sampling rate for the stick input to the computer is 20 iterations
per second. It might be noted that some commercial simulators use 10
iterations per second.

Output rate from the computer to the motion system is dependent on the ‘
digital to analog converters. All the D/A converters on this particular
simulator are outputted at a rate of 20 per second, but since the asro~ 1
dynamic equations are computed only 10 times per second, their effective .
output rate is 10 per second. C

2
Hesly, L.D. and Cooper, F.R,, VERIFICATION OF SIMULATOR PERFORMANCY BY

FREQUENCY RESPONSE MEASUREMENT, Naval Training Equipment Center, Orlando,FL

s b A
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The Singer Mark 5 visual system to be used with this simulator is
stiil under comstruction. The gantry~camera arrangemznt is expected to
have s respounse to 6 Hx or greater,.

RBastern Airlines has a Singer 60einch 6 DOF simulator installed at
their Miami training facility, This simulator is for the Lockheed wide
body L=1011 aircraft.

- The vate at which the input is sampled, and at which the computer
iterates the 6 DOF asrodynamic squations is 20 times per second,

The vate at which the motion system and visual system receive updated
outputs from the computer is dependent on how the data is stored in the D/A
couverters, Due to this fact, it can bs 20 or 10 times pot second, The
visual syltcl is thc VAMP typc display.

Several idditional simulators are knoun to exist that have both visual
and motion systems, which were not considered. These simulators are for
transport size aircraft and not high response fighter or attack type aire
crafe,

" Three of these are commercial simulators and might be of interest for
transport size aircraft, These are located at Northwest Airiines in

‘Minneapolis, Minnesota, United Airlines in Donvcr. Colorado, and American

Aitlines at !ort Worth, Texas,

Algo in the line of larger aircraft is the simulator for the Bel
bomber, This simulator is located at North American Rockwell in Los
Angeles, California,

The simulators are currently under construction at the Singer=Link
plant in Binghamton, New York. One {s the Afreto-Air Combat Simulator
built on the Link 60«inch 6 DOF motion syatem. The other is ASUPT. The
latter ie for tha Te37 aircraft, while the former can be programmed as an
Poh, ¥=15, or other high performance aircraft,

The ASUPT simulator in late summer 1973 was being transferred to
Williams AFB, Arizons, having completed the ineplant acceptance testing at
SingeraLink in Binghamton, New York,

Data on both of these simulators should be available in the future.
Data on the larger, slower responding aircraft might be of interest, but
in light of smaller attackefighter type aircraft, the data on the ASUPT and
Adireto=Air Combat Simulator would be more sigrificant,
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Based on the theoretical analysis and data collected on simulators in
the field, iteration rates of 20 times per second for attack and fighter
type aircraft appear to be appropriate. The SingereLink Air Force ASUP
simulator for the T-37 aircraft was informally judged marginal using
iteration rates of 15 times per second vhile 10 times per second seems to be
adequate for commercial type aircraft, Considering ths maneuvers and per=
formance ability of the various types of aircraft, these figures do not .
appesr to be misaligned, The wotion base update rats of 20 times per second
appears to be baseline for fighter type aircraft. The visual presentation
data tends to support an update rate of 30 times per second,

ST'CTION VI
RECOMMENDATIONS

It was discovered during the execution of the work contained herein
that basic areas were in neel of further investigation and could poseibly
serve a8 topics for further study.

In collecting tha data pertinent herein it became apparent that the
information flow path from the pilot input, through tha computer, to the
motion system is not clearly defined, Such a definition in this particular
area could conceivably result in a better training device by siding the manu=
facturer, and resulting {n a more acceptable motion system,

Through discussions with various personnel in gathering information for
the visual system behavior, the signal path again appears to be nonwdefined
and in some cases even misaligned in the expedient flow ol signals resulting
in unwanted phase lag. Yurther investigations in this particular ares
appears to be a worthwhile effort,

The means in which the digital computer arrives at commands to the
visual and/or motion system is somewhiat unclear too. Whether the use of
second order, coupled, differential equations, or simplified first order

differential equations is sufficient appears to be a topic worthy of further
study,

As a final recommendation, possible further work in the area of washout
filters and washout schemes could be considered., This area is one in which
understanding and reason seem to be almost emperical.

In any of these four arsas, further study and investigation might
prova advantageous in the procurement and utilization of OFT/WST used to
train pilots. As a result better trained personnel would be ready for duty.
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